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1
ROBUST PID FILTERING FOR DVB-H

BACKGROUND

1. Technical Field
The embodiments herein generally relate to digital video
broadcasting and, more particularly to robust packet identifier

(PID) filtering 1n digital video broadcasting.
2. Description of the Related Art

Digital Video Broadcasting-Handheld (DVB-H) 1s a tech-
nical specification for bringing broadcast services to hand-
held recervers, terrestrial television (TV), portable TVs,
mobile phones, and other such mobile terminals. DVB-H can
offer a downstream channel at high data rates to be used as
standalone or as an enhancement of mobile telecommunica-
tion networks for typical handheld terminals. DVB-H sys-
tems are characterized by Multi-Protocol Encapsulation-For-
ward Error Correction (MPE-FEC), which 1s an additional
error correction coding for Internet Protocol (IP) packets.
Video programs are received in the form of messages called
IP datagrams, which are transmitted as data bursts in small
time slots. Each IP datagram contains a specific set of fields in
a specific order so that the reader knows how to decode and
read the stream of data received.

A Reed-Solomon (RS) code 1s an error-correcting code
that works by oversampling a polynomial constructed from
the data. So long as many of the data points are received
correctly the receiver can recover the original polynomaial
even 1n the presence of a few bad points. The IP datagrams are
collected 1n a 191 xN matrix (e.g., N=256, 312, 768, or 1024)
and are used to construct a MPE-FEC table. FIG. 1A 1s a
schematic diagram illustrating a MPE-FEC table 100. The
MPE-FEC table 100 includes an MPE frame 102 and a FEC
frame 104. The MPE frame 102 includes an IP header 104 and
IP data 106. Each row 1s appended by 64 bytes by applying
(255, 191) Reed-Solomon code. If the number of IP data-
grams 1s not suificient, zero-padding columns are appended.

TS (Transport stream) 1s a communications protocol for
audio, video, and data which 1s specified in MPEG-2 Part 1,
Systems. MPE and FEC sections are mapped mto 188-byte
TS packets. FIG. 1B 1s a schematic diagram illustrating a data
encapsulation process. FIG. 1B 1illustrates IP datagrams 110,
sections 112, and TS packets 118. The IP datagrams 110
include an IP header 106 and an IP data 108. The sections 112
include a section header 114 and a section CRC 116. The TS
packets 118 include a TS packet header 120. Each TS packet
may have a 4-byte header that carries a thirteen bit PID
(packet ID) to identily diflerent services. Service Information
(SI) and Program Specific Information (PSI) packets are also
interleaved along with video packets.

FIG. 1C 1s a schematic diagram 1llustrating the syntax of a
TS packet header 120 having a sync_byte 122, a transport_
error_indicator 124, a payload_unit_start_indicator 126, a
transport_priority 128, a PID 130, a transport_scrambling
control 132, an adaption_field_control 134, and a continuity_
counter 136. The numerals shown above each of the fields of
the TS packet header 120 represents the number of bits that
constitute the respective field. The sync_byte 122 has 8 bits,
and a value of 0x4’/. The transport_error_indicator 124 and
the payload_unit_start_indicator 126 each have 1 bit. The
payload_unit_start_indicator 126 1s set to °1° when at least
one section begins 1n a given TS packet, and 1s set to ‘0 when
no section begins 1n the given TS packet. The transport_pri-
ority 128 has a single bit. The PID 130 has 13 bits and 1t
indicates the type of data contained 1n the packet.

The transport_scrambling_control 132 has 2 bats, and its

value 1s ‘00°. The adaption_field_control 134 has 2 bits. A
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2

value of the adaption_field_control 134 as ‘00" indicates a
null packet, a value of ‘01’ indicates a payload only, ‘10’
indicates an adaption field only and 11 indicates an adaption
field and payload. If the adaption_field_control 134 indicates
the presence of an adaption field, 1ts length 1s contained 1n the
following (5%) byte. The continuity_counter 136 has a 4-bit
s1ze and 1s icremented for each successive packet with a
payload. The continuity_counter 136 takes values from 0x0’
to ‘OxF” and wraps around. IT a TS packet 1s being sent twice,
the value of the continuity_counter 136 does not change. The
continuity_counter 136 1s undefined for null packets. The
syntax of a datagram_section 1s summarized in Table 1.

TABLE 1
Svntax of datagram__section
NUMBER
OF
SYNTAX BITS MNEMONIC
DATAGRAM_SECTION( ) {
TABLE_ID 8 UIMSBF
SECTION__SYNTAX_ INDICATOR 1 BSLBF
PRIVATE_ INDICATOR 1 BSLBF
RESERVED 2 BSLBF
SECTION__LENGTH 12 UIMSBF
MAC_ADDRESS_ 6 8 UIMSBF
MAC_ADDRESS_ 35 8 UIMSBFE
RESERVED 2 BSLBF
PAYLOAD_SCRAMBLING_CONTROL 2 BSLBF
PAYLOAD_ SCRAMBLING__CONTROL 2 BSLBF
LLC_SNAP FLAG 1 BSLBF
CURRENT_NEXT__INDICATOR 1 BSLBF
SECTION__NUMBER 8 UIMSBF
LAST__SECTION_NUMBER 8 UIMSBF
MAC__ADDRESS_ 4 8 UIMSBF
MAC__ADDRESS_ 3 8 UIMSBF
MAC__ADDRESS_ 2 8 UIMSBF
MAC_ADDRESS_ 1 8 UIMSBFE
[F (LLC_SNAP FLAG ==*“1"){
LLC_SNAP ()
} ELSE {
FOR (J=0;J<N1;J++) {
IP_ DATAGRAM_ DATA_ BYTE BSLBF
h
h
IF (SECTION_NUMBER == LAST
SECTION_NUMBER) {
FOR (J=0;J<N2;J++) {
STUFFING_BYTE BSLBF
h
h
IF (SECTION_ SYNTAX_ INDICATOR
— 0" {
CHECKSUM 32 UIMSBF
I ELSE {
CRC__ 32 32 RPCHOF
h
h

The first step 1n constructing the MPE-FEC table at the
receiving end 1s to extract the packets with the PID from the
incoming packets that also include packets from other ser-
vices and SI/PSI packets. This step 1s referred as PID filtering.
PID filtering 1s generally the most important step because
losing any packet or taking an extra packet may cause shifting
of the data in the MPE-FEC table, which may then cause total
failure in the MPE-FEC RS decoder. Typically, there are two
important indicators that indicate the performance of any PID
filter. The first indicator 1s the probability of error which
indicates how many packets with PID equal to the needed
(1.e., desired) PID are lost. The second indicator 1s the prob-
ability of a false alarm which indicates how many packets
with PID not equal to the needed PID are taken with the
packets.
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The conventional approach for PID filtering 1s to match the
PID field of each incoming packet with the required PID to

determine whether the packet belongs to the required service.
However, 11 there 1s any bit error 1n the PID field, the packet
will be lost. The bit error rate (BER) 1s the ratio of error to the
total number of bits. At a low BER (e.g., 107%) the conven-
tional approach will likely have a high probability of error. An
N bit error (e.g., matching tolerance) in the imncoming PID
ficld may be allowed, which may decrease the probability of
error, but only at the expense of increasing the probability of
a false alarm.

FIGS. 2A and 2B 1llustrate the probability of error and the
probability of a false alarm versus the BER at different cases
of matching tolerance N=0, N=1, and N=2 when the needed
PID 1s very close to the other PIDs. As can be seen from FIG.
2A, the probability of error for all matching tolerance values
increase when the BER increase, and 1f one point 1s consid-
ered (107, for example), one will find that the probability of
error decreases when the matching tolerance increases, but at
the expense ol increasing the probability of false alarms as
shown 1n FI1G. 2B. All the packets having difference between
PIDs and needed PIDs equal to the ‘N’ bits will be accepted
even 1 they have errors.

FIGS. 3A and 3B illustrate the probability of error and the
probability of a false alarm versus the BER at different cases
N=0, N=1, and N=2 when the needed PID 1s far from the other
PIDs, by differing from the other PIDs by 4 bits. From FIGS.
3 A and 3B one may conclude that 11 the received PIDs are far
from each other, then the probability of error and the prob-
ability of false alarms are decreased. If N=2 and there 1s any
packet (e.g., SI/PSI packet or any other service packet) with a
PID different from the needed PID by 2 bits and this packet
received without errors, the algorithm will select this packet
as a matched packet and this will be a false alarm. Also, 1f any
packet arrives with errors in the PID field that makes the
incoming PID differ from the needed PID by N bits, 1t will be
false alarm. Clearly, PID filtering 1s essential in wireless
digital video broadcasting, accordingly, there exists aneed for
a techmque for PID filtering to accurately construct the MPE-
FEC table 1n a Digital Video Broadcasting transport stream.

SUMMARY

In view of the foregoing, an embodiment herein provides a
method of performing PID filtering of a DVB-H transport
stream and includes processing a PID and a continuity
counter (CC) sequence of the DVB-H transport stream, com-
puting a number ol mismatched bits between the PID and a
desired PID, proceeding to a start of a reset state on a {first-
in-first-out (FIFO) queue of the DVB-H transport stream
when a FIFO butfer becomes full, determining if a number of
mismatched bits of a first packet in the FIFO butfer 1s less than
a first threshold value, and proceeding to a start of a run
algorithm state only 11 the number of mismatched bits of the
first packet 1n the FIFO builfer 1s less than the first threshold
value and 1f there 1s a valid CC sequence that includes the first
packet.

It may be determined whether there 1s a valid CC sequence
that includes the first packet, only if the number of mis-
matched bits 1s less than the first threshold value. The first
packet may be marked as mismatched. The FIFO buifer may
be updated. It may return to the start of the reset state 11 the
number of mismatched bits of the first packet in the FIFO
buller 1s not less than the first threshold value. It may be
determined whether the packet 1s matched based only on the
PID by comparing the number of mismatched bits in the FIFO
butter with a second threshold value. The FIFO butfer may be
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4

updated. It may return to the start of the reset state 1t there 1s
no valid CC sequence. The first packet may be marked as
matched. A LAST_CC value may be updated with a CC value
of the first packet 11 there 1s a valid CC sequence.

In another aspect, a method of performing PID filtering of

a DVB-H transport stream includes processing a PID and a
CC sequence of the DVB-H transport stream, buflering a
FIFO queue of the DVB-H transport stream until a FIFO
buffer 1s full, computing a number of mismatched bits
between the PID and a desired PID, proceeding to a start of a
reset state when the FIFO butfer becomes full, determiming 11
a number of mismatched bits of a first packet 1n the FIFO
butler 1s less than a first threshold value, determining it there
1s a valid CC sequence, 1f the number of mismatched bits of
the first packet in the FIFO butler 1s less than the first thresh-
old value, marking the first packet as matched, updating a
LAST_CC value with a CC value of the first packet, updating
the FIFO buffer 1 there 1s a valid CC sequence, proceeding to
a start of a run algorithm state only 11 the number of mis-
matched bits of the first packet in the FIFO butfer 1s less than
the first threshold value and if there 1s a valid CC sequence,
determining 11 a first packet 1n the FIFO buifer has a number
of mismatched bits greater than the first threshold value, and
computing a difference between a CC value of the first packet
and the LAST_CC value 11 the first packet 1n the FIFO butfer
has a number of mismatched bits not greater than the first
threshold value.
It may be determined if the first three packets 1n the FIFO
butiler have a valid CC sequence 11 the first packet in the FIFO
builer has a number of mismatched bits greater than the first
threshold value. A first packet may be marked 1n the FIFO
bufler as matched or mismatched based on whether the first
three packets 1n the FIFO butler have a valid CC sequence.
The FIFO buifer may be updated and returned to the start of
the run algorithm state. The first packet may be marked as
matched. The LAST_CC value may be incremented, 1f the
difference between the CC value of the first packet and the
LAST_CC valueis equal to 1. It may be determined whether
there 1s a sequence of packets having a valid CC sequence 1t
the difference between the CC value of the first packet and the
LAST_CC value 1s not equal to 1. A position of a first packet
may be obtained 1n the first sequence of packets having a valid
CC sequence. A difference between a CC value of the first
packet may be computed 1n the first sequence of packets
having a valid CC sequence and a LAST_CC value 1f there 1s
a sequence ol packets having a valid CC sequence.

It may be determined whether the packet 1s matched based
only on the PID by comparing the number of mismatched bits
in the FIFO buffer with a second threshold value and updating
the FIFO butler 11 there 1s no valid CC sequence. It may be
determined whether a packet 1n the FIFO buifer 1s matched
based on the position of a first packet 1n the first sequence of
packets having a valid CC sequence and the difference
between the CC value of the first packet 1n the first sequence
of packets having a valid CC sequence and the LAST _CC
value. It may be determined whether a number of packets
having a number of mismatched bits less than the first thresh-
old value 1s greater than half of a size of the FIFO buffer and
returned to the run algorithm state 1f the number of packets
having the number of mismatched bits less than the first
threshold value 1s greater than half of the size of the FIFO
builfer. It may return to the reset state 1f the number of packets
having the number of mismatched bits less than the first
threshold value 1s not greater than half of the size of the FIFO
buifer.

In yet another aspect, a mobile terminal includes a receiver
component for recerving a digital video broadcast signal com-
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prising a DVB-H transport stream, a memory component for
storing the received digital video broadcast signal, a proces-
sor for performing PID filtering of the DVB-H transport
stream, and a FIFO bufler for butfering the DVB-H transport
stream. The processor 1s configured to process a PID and a CC
sequence of the DVB-H transport stream. A FIFO queue of
the DVB-H transport stream 1s builered until the FIFO butier
1s Tull. A number of mismatched bits 1s computed between the
PID and a desired PID and is proceeded to a start of a reset
state when the FIFO builer becomes full. It 1s determined 1f a
number of mismatched bits of a first packet 1n the FIFO butler
1s less than a first threshold value. It 1s determined 11 there 1s
a valid CC sequence, 1f the number of mismatched bits of the
first packet 1n the FIFO builfer 1s less than the first threshold
value, mark the first packet as matched.

A LAST_CC value 1s updated with a CC value of the first
packet. The FIFO butler 1s updated 11 there 1s a valid CC
sequence and 1s proceeded to a start of a run algorithm state
only 11 the number of mismatched bits of the first packetin the
FIFO buller 1s less than the first threshold value and 11 there 1s
a valid CC sequence. It 1s determined i1 a first packet in the
FIFO bulfer has a number of mismatched bits greater than the
first threshold value. A difference between a CC value of the
first packet and the LAST_CC value 1s computed 11 the first
packet 1n the FIFO buffer has a number of mismatched bits
not greater than the first threshold value.

The processor may be configured to determine 11 the first
three packets 1n the FIFO buiflfer have a valid CC sequence 11
the first packet 1in the FIFO bufler has a number of mis-
matched bits greater than the first threshold value. A first
packet may be marked in the FIFO bulfler as matched or
mismatched based on whether the first three packets 1n the
FIFO butler have a valid CC sequence. The FIFO buifer may
be updated and returned to the start of the run algorithm state.
The processor may also be configured to mark the first packet
as matched. The LAST_CC value may be incremented, if the
difference between the CC value of the first packet and the
LAST_CC value 1s equal to 1. The processor may determine
whether there 1s a sequence of packets having a valid CC
sequence 11 the difference between the CC value of the first
packet and the LAST_CC value 1s not equal to 1.

A position of a first packet may be obtained 1n the first
sequence of packets having a valid CC sequence. A difference
between a CC value of the first packet may be computed in the
first sequence of packets having a valid CC sequence and a
LAST_CC value 11 there 1s a sequence of packets having a
valid CC sequence. The processor may determine whether the
packet 1s matched based only on the PID by comparing the
number ol mismatched bits 1n the FIFO builer with a second
threshold value and updating the FIFO butfer 1f there 1s no
valid CC sequence. The processor may also determine
whether the packet 1s matched based only on the PID by
comparing the number of mismatched bits 1n the FIFO butfer
with a second threshold value and updating the FIFO butter it
there 1s no valid CC sequence. The processor may determine
whether the packet 1s matched based only on the PID by
comparing the number of mismatched bits 1n the FIFO butfer
with a second threshold value and updating the FIFO butter it
there 1s no valid CC sequence.

These and other aspects of the embodiments herein will be
better appreciated and understood when considered in con-
junction with the following description and the accompany-
ing drawings. It should be understood, however, that the fol-
lowing descriptions, while indicating preferred embodiments
and numerous specific details thereol, are given by way of
illustration and not of limitation. Many changes and modifi-
cations may be made within the scope of the embodiments
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herein without departing from the spirit thereof, and the
embodiments herein include all such modifications.

BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments herein will be better understood from
the following detailed description with reference to the draw-
ings, in which:

FIG. 1A 1s a schematic diagram illustrating a MPE-FEC
table;

FIG. 1B 1s a schematic diagram illustrating a data encap-
sulation process;

FIG. 1C 1s a schematic diagram 1illustrating the syntax of a
TS packet header;

FIGS. 2A and 2B are graphical representations 1llustrating,
the probability of error and the probability of a false alarm
versus the BER, respectively, at different cases N=0, N=1,
and N=2 when the needed PID 1s very close to the other PIDs;

FIGS. 3A and 3B are graphical representations illustrating,
the probability of error and the probability of a false alarm
versus the BER, respectively, at different cases N=0, N=1,
and N=2 when the needed PID 1s far from the other PIDs:

FIG. 4 1s a schematic diagram illustrating a plurality of
mobile terminals connecting to a digital video content server
through a broadcast network according to an embodiment
herein;

FIGS. 5A through 5C are tables illustrating three cases of
packet sequences with one packet having more than two
mismatched bits 1n the PID field and the continuity counter
belonging to the services and in correct sequence, belonging
to the service but with error, and not belonging to the service
and not matched, respectively, according to an embodiment
herein;

FIGS. 6 A and 6B are tables illustrating the packet number
and corresponding packet CC of a sequence of packets 1n a
FIFO buffer, and a transmitted sequence, respectively,
according to an embodiment herein;

FIGS. 7A through 7E are flow diagrams illustrating a
method of PID filtering of a DVB-H TS according to an
embodiment herein;

FIG. 8 1s a schematic diagram 1llustrating the mobile ter-
minal of FIG. 4 having an antenna, a digital broadcast
receiver, an mmput, a memory having a set of instructions, a
display, a speaker, a bus, and a processor capable of process-
ing a set of mstructions to perform any one or more of the
methodologies herein according to an embodiment herein;

FIGS. 9A and 9B are graphical representations illustrating
the probability of error and the probability of a false alarm
versus the BER, respectively, comparing a conventional PID
filter and a PID filter according to an embodiment herein,
when the difference between the needed PID and the other
PIDs 1s one bit, and the matching tolerance=0;

FIGS. 10A and 10B are graphical representations 1llustrat-
ing the probability of error and the probability of a false alarm
versus the BER, respectively, comparing a conventional PID
filter and a PID filter according to an embodiment herein,
when the difference between the needed PID and the other
PIDs 1s two bits, and the matching tolerance=1;

FIGS. 11A and 11B are graphical representations 1llustrat-
ing the probability of error and the probability of a false alarm
versus the BER, respectively, comparing a conventional PID
filter and a PID filter according to an embodiment herein,
when the difference between the needed PID and the other
PIDs 1s three bits, and the matching tolerance=2;

FIGS. 12A and 12B are graphical representations 1llustrat-
ing the probability of error and the probability of a false alarm
versus the BER, respectively, comparing a conventional PID
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filter and a PID filter according to an embodiment herein,
when the difference between the needed PID and the other
PIDs 1s four bits, and the matching tolerance=3; and

FIG. 13 1s a schematic diagram illustrating a computer
system according to an embodiment herein.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The embodiments herein and the various features and
advantageous details thereol are explained more fully with
reference to the non-limiting embodiments that are illustrated
in the accompanying drawings and detailed in the following
description. Descriptions of well-known components and
processing techniques are omitted so as to not unnecessarily
obscure the embodiments herein. The examples used herein
are intended merely to facilitate an understanding of ways 1n
which the embodiments herein may be practiced and to fur-
ther enable those of skill in the art to practice the embodi-
ments herein. Accordingly, the examples should not be con-
strued as limiting the scope of the embodiments herein.

As mentioned, there remains a need for a new technique for
PID filtering to accurately construct the MPE-FEC table 1n a
Digital Video Broadcasting transport stream. The embodi-
ments herein achieve this by providing a method of perform-
ing PID filtering of a DVB-H transport stream that includes
processing a PID and a CC sequence of the DVB-H transport
stream, computing a number of mismatched bits between the
PID and a desired PID, proceeding to a start of a reset state on
a FIFO queue of the DVB-H transport stream when a FIFO
butler becomes full, determining 11 a number of mismatched
bits of a first packet 1n the FIFO bufler 1s less than a first
threshold value, and proceeding to a start of a run algorithm
state only 1f the number of mismatched bits of the first packet
in the FIFO butler 1s less than the first threshold value and 1f
there 1s a valid CC sequence that includes the first packet.
Referring now to the drawings, and more particularly to
FIGS. 4 through 13, where similar reference characters
denote corresponding features consistently throughout the
figures, there are shown preferred embodiments.

FIG. 4 illustrates a plurality of mobile terminals 404 con-
necting to a digital video content server 402 through a broad-
castnetwork 400, according to an embodiment herein. Broad-
cast network 400 transmits the digital content provided by
digital video content server 402 as transport streams (e.g.,
MPEG-TS streams) to mobile terminal 404, where content
and metadata may be unbundled and utilized. Broadcast net-
work 400 may use time-sliced transmissions in order to
deliver content 1n high-bandwidth radio bursts as opposed to
transmitting a constant lower bandwidth signal. Broadcast
network 400 may alternate between transmitting multiple
“channels™ of digital content by interleaving bursts with dii-
ferent content. Digital content may be created and/or pro-
vided by digital video content server 402 and may include
video signals, audio signals, data etc.

There may a plurality of digital video content servers 402
(e.g., even though only one 1s 1llustrated in FIG. 4) and they
may include content aggregator servers (not shown) that may
provide content 1n the form of a service, and service delivery
servers to deliver content to a users via mobile terminals 404.
Service delivery servers may bundle services from content
aggregator servers along with metadata about offered ser-
vices and their delivery. Metadata (e.g., PSI/SI) incorporated
with content 1n a DVB system may include a series of stan-
dardized data tables. The mobile terminal 404 may be embod-
ied as a handheld receiver, a terrestrial TV, a portable TV, a
mobile phone etc.
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FIGS. SA, 5B, and 5C are tables illustrating three cases of
packet sequences with one packet having more than two
mismatched bits in the PID field and the continuity counter
belonging to the services and 1n a correct sequence, belonging
to the service but with errors, and not belonging to the service
and not matched, respectively. Referring to FIG. SA, the
packet number 502 has values ranging from 1 to 10. The
number of mismatched bits 1n the PID field 504 may vary
from O to 3, with the packet number 3 having 3 mismatched
bits. The continuity counter (CC) 506 has values ranging from
0 to 9 in 1ncrements of 1, illustrating that all packets belong to
the service 1s in the correct sequence. If the decision of
whether packet 3 belongs to a desired service 1s taken based
on the conventional approach of only matching the PID field
and allowing for N=2, the outcome will be that packet does
not belong to the service. However, 1f the continuity counter
506 1s also taken 1nto consideration, since packet 3 appears 1n
the correct sequence the outcome of the decision would be
that the packet belongs to the service.

Referring to FIG. 5B, the packet number 502 has values
ranging from 1 to 10. The number of mismatched bits 1n the
PID field 504 1s the same for all packets as 1n FIG. 5A, and
may vary from O to 3 with the packet number 3 having 3
mismatched bits. In this case, the continuity counter 506 of
packet 3 1s equal to 35, and hence does not belong to the
sequence, as the correct sequential value of the continuity
counter 506 of packet 3 1s 2. There may be two possibilities,
one 1n which packet 3 belongs to the service and 1ts continuity
counter 506 has errors, and the other 1n which packet 3 does
not belong to the service (e.g., 1s a SI/PSI packet). Since the
continuity counter 306 has a sequence of 01 53 4, 1t 1s likely
that the 5 was 2 but 1t has become corrupted.

Hence, out of the two possibilities, the first (packet 3
belongs to the service and 1ts continuity counter 506 has
errors) 1s the outcome of the decision. Referring to FIG. 5C,
the packet number 502 has values ranging from 1 to 10. The
number ol mismatched bits 1n the PID field 504 1s the same for
all packets as 1n FIG. 5A and FIG. 3B, and may vary from 0
to 3 with the packet number 3 having 3 mismatched bits. In
this case, the continuity counter 506 of packet 3 1s equal to 5.
The continuity counter 506 has a sequence of 01 52 3 4, so
the 5 does not belong to the sequence and so the outcome of
the decision 1s that packet 3 does not belong to the service
(e.g., 1s a SI/PSI packet).

FIGS. 6 A and 6B are tables illustrating the packet number
602 and corresponding packet CC 604 of a sequence of pack-
ets 1n a FIFO butler 600, and a transmitted sequence, respec-
tively. The packet number 602 has values ranging from 1 to
10, corresponding to a FIFO buffer 600 of size=10. The
packet CC 604 contains the value of the corresponding con-
tinuity counter of each packet in the FIFO buifer 600. The
values of the packet CC 604 of the first four packets in the
FIFO butter 600 are 10, 4, 8, and 2, respectively, as shown 1n
FIG.6A. The corresponding values of the packet CC 604 of
the first four packets in the transmitted sequence are 3, 4, 5,
and 2, respectively, as shown in FIG.6B. The packet CC 604
ofpackets5tol10are6,7,8,9,10,and 11, respectively, forthe
FIFO buffer 600 of FIG. 6A as well as the transmaitted
sequence of FIG. 6B.

A register called LAST_CC contains the previous valid CC
(e.g., the continuity counter of the last data packet). In one
embodiment, the LAST_CC for the first packet 1s equal to 2.
Referring to FIG. 6 A, the difference between the packet CC
604 for the first packet in FIFO butifer 600 and the LAST_CC
1s 8 (e.g., 10-2). The first valid CC sequence starts with
packet number 5, and the first valid CC sequence of N packets
where N=3 are packets 5, 6, and 7 having packet CC 604 of 6,
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7, and 8. Hence, the position of the first packet in a valid
sequence of N packets where N=3, having a valid sequence 1s
5, and 1ts corresponding value of packet CC 604 1s 6. The
difference between the packet CC 604 of this packet and the
LAST_CC will be 4 (e.g., 6-2=4).

FIGS.7A,7B,7C, 7D, and 7E are interrelated process flow
diagrams 1llustrating a method of PID filtering of a DVB-H
TS according to an embodiment herein. Referring to FIG. 7A,
in step 702, a FIFO queue ofthe TS 1s butfered (in FIFO butfer
600 of FIGS. 6 A and 6B) until the FIFO butfer 600 1s full. In
step 704, a PID and a CC sequence of a TS 1s processed (e.g.,
at the mobile terminal 404 of FIG. 4) and a number of mis-
matched bits between the PID and a needed PID 1s calculated.
In step 706, 1t 1s determined 1f the number of mismatched bits
of a first packet 1n the FIFO butfer 600 (of FIGS. 6 A and 6B)
1s less than a first threshold value, at a start of a reset state.
Step 706 represents a start of a reset state, and may be pro-
ceeded to only when the FIFO butler 600 (of FIGS. 6A and
6B) becomes full. If the number of mismatched bits of the first
packet in the FIFO builer 600 (of FIGS. 6 A and 6B) 1s not less
than the first threshold value (NO), 1n step 710 the first packet
1s marked as mismatched, in step 712 the FIFO butifer 600 (of
FIGS. 6A and 6B) 1s updated, and the reset state 1s repeated.
Only 1f the number of mismatched bits of the first packet 1n
the FIFO butfer 600 (of FIGS. 6 A and 6B) 1s less than the first
threshold value (YES), in step 708, it may be determined 11
there 1s a valid CC sequence that includes the first packet.

If there 1s no valid sequence (NO), 1n step 714 the decision
on whether the packet 1s matched 1s taken based only on the
PID by comparing the number of mismatched bits in the FIFO
butter 600 (of FIGS. 6A and 6B) with a second threshold
value. If the number of mismatched bits of the first packet in
the FIFO butler 600 (of FIGS. 6 A and 6B) is less than the
second threshold value, the packet 1s marked as matched, else
it 1s marked as mismatched. Then, in step 716 the FIFO butfer
600 (of FIGS. 6A and 6B) 1s updated, following which the
reset state 1s repeated from the start. I there 1s a valid CC
sequence (YES), 1 step 718 the first packet 1s marked as
matched and a LAST_CC value 1s updated with a CC of the
first packet, and 1in step 720 the FIFO butfer 600 (of FIGS. 6 A
and 6B) 1s updated 1n a final step of the reset state. A start of
a run algorithm state i1s proceeded to only 1f the number of
mismatched bits of the first packet in the FIFO buitfer 600 (of
FIGS. 6A and 6B) 1s less than the first threshold value as
determined in step 706 and 11 there 1s a valid CC sequence as
determined 1n step 708.

Referring to FI1G. 7B, the start of the run algorithm state 1s
in step 722, in which it may be determined 11 a first packet 1n
a FIFO butfer 600 (of FIGS. 6 A and 6B) has a number of
mismatched bits greater than the first threshold value. If the
first packet in the FIFO butier 600 (of FIGS. 6 A and 6B) has
a number of mismatched bits greater than the first threshold
value (YES), 1n step 724 1t 1s determined 11 the first three
packets 1n the FIFO butler 600 (of FIGS. 6 A and 6B) have a
valid CC sequence based on which a first packet 1in the FIFO
butfer 600 (of FIGS. 6A and 6B) 1s marked as matched or
mismatched, 1n step 726 the FIFO butier 600 (of FIGS. 6A
and 6B) 1s updated and the start of the run algorithm state 1s
returned to (e.g., the run algorithm state 1s repeated).

I the first packet 1n the FIFO butfer 600 (of FIGS. 6 A and
6B) has a number of mismatched bits not greater than the first
threshold value as determined 1n step 722 (NO), a difference
between a CC of the first packet and a LAST_CC 1s computed
in step 728 of FIG. 7C. If the difference between the CC of the
first packet and the LAST_CC 1s equal to 1 as determined 1n
step 730 (YES), the first packet 1s marked as matched and the
LAST_CC 1s incremented 1n step 732. If the difference
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between the CC of the first packet and the LAST_CC 1s not
equal to 1 (NO), 1n step 734 a search 1s conducted for the first
N sequence of packets that have a valid CC sequence and the
position of the first packet 1n this sequence 1s obtained.

In step 736, 1t 1s determined 1f there 1s a sequence ol packets
having a valid CC sequence. If there 1s no valid CC sequence
(NO), 1n step 738 a decision on whether the packet 1s matched
1s made based only on the PID by comparing the number of
mismatched bits in the FIFO butfer 600 (of FIGS. 6 A and 6B)
with a second threshold value. If there 1s a sequence of pack-
ets having a valid CC sequence (YES), 1n step 740 a differ-
ence between a CC of the first packet 1n the first sequence of
packets having a valid CC sequence and a LAST_CC 1s
computed.

FIG. 7D 1llustrates cases of various values of the position of
the first packet in the first sequence of packets having a valid
CC sequence and the difference between the CC of the first
packet 1n the first sequence of packets having a valid CC
sequence and the LAST_CC. In step 742 of FIG. 7E, a deci-
s1on on whether a packet in the FIFO butfer 600 (of FIGS. 6A
and 6B) 1s matched 1s made based on the position of the first
packet 1n the first sequence of packets having a valid CC
sequence and on the difference between the CC of the first
packet 1n the first sequence of packets having a valid CC
sequence and the LAST_CC. In the tables illustrating the
packet number 602 and corresponding packet CC 604 of a
sequence of packets 1n a FIFO butter 600 (of FIGS. 6 A and
6B), and a transmitted sequence respectively as illustrated 1n
FIGS. 6 A and 6B according to one embodiment, the position
of the first packet in the sequence (e.g., Pos) 1s 5 so there are
4 packets before this packet. As the difference i the CC
between the first packet 1n the sequence and the LAST _CC
(e.g., Diil) 15 4, 1t 1s determined that there are 3 MPE-FEC
packets between the first packet 1n the valid sequence and the
previous packet (represented by the LAST_CC).

However from the position of the first packet in the
sequence there are 4 packets since the FIFO butfer 600 (of
FIGS. 6A and 6B) between the first packet in the valid
sequence and the previous packet (represented by the
LAST_CC). Hence, one may conclude that packets from 1 to
4 1n the FIFO butfer 600 (of FIGS. 6 A and 6B) contain three
MPE-FEC packets and one SI/PSI table packet. So, the deci-
s10n 1s taken based on the number of mismatched bits 1n the
PID field to extract the packet from them. It may be noted that
if the difference 1n CC was 3 instead of 4 then all 4 packets
will be MPE-FEC packets and 1n this case the decision that
the packet 1s matched may be made without considering the
number of mismatched bits 1n the PID field.

In the embodiment 1n which Pos=5, there are 4 packets
between the previous packet (e.g., represented by LAST_CC)
and the first packet in the valid sequence, corresponding to the
following possible cases 1n which:

1—All 4 packets are SI/PSI packets.
2—One packet 1s MPE-FEC packet and the other 3 are

SI/PSI packets.

3—2 packets are MPE-FEC packet and the other 2 are
SI/PSI packets.

4—3 packets are MPE-FEC packet and the other 1 1s
SI/PSI packets.

5—All 4 packets are MPE-FEC packets.

If Diti=1, all packets are SI/PSI and the first packet in the
FIFO butifer 600 (of FIGS. 6A and 6B) 1s marked as mis-
matched. If Di11=2, there 1s only one MPE-FEC packet, so the
four packets are sorted according to the number of mis-
matched bits in the PID. I1 the first packet has a number of
mismatched bits not greater than a first lowest value, 1t 1s
marked as matched, else 1t 1s marked as mismatched.
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If Diff=3, there are two MPE-FEC packets, so the four
packets are sorted according to the number of mismatched
bits 1n the PID. If the first packet has a number of mismatched
bits not greater than a second lowest value, 1t 1s marked as
matched, else 1t 1s marked as mismatched. If Dift=4, there are
three MPE-FEC packets, so the 4 packets are sorted accord-
ing to the number of mismatched bits 1n the PID and i1 the first
packet has number of mismatched bits not greater than a third
lowest value, 1t 1s marked as matched, else i1t 1s marked as

mismatched.
It Diff=5, all packets are MPE-FEC packets so the first

packet 1s marked as matched. If Diff>5, the decision 1s taken
based on the PID only, and the algorithm proceeds to the reset
state. F1G. 7D 1llustrates other embodiments 1n which the
position of the first packets 1s 9, 4, 3, and 2 and various values
of the difference ranging from 1 to the value of the position for
which the decision of step 742 may be made 1n a similar
manner as discussed in the embodiment in which Pos=5.
Again referring to FIG. 7E, 1n both cases of whether there 1s
a sequence of packets having a valid CC sequence or not, the
FIFO butler 600 (of F1IGS. 6 A and 6B) 1s updated 1n step 744,

and 1t 1s determined whether a number of packets having a
number of mismatched bits less than the first threshold value
1s greater than half of a size of the FIFO butfer 600 (of FIGS.
6A and 6B) 1n step 746.

If the number of packets having the number of mismatched
bits less than the first threshold value 1s greater than half of the
s1ze of the FIFO butier 600 (of FIGS. 6 A and 6B) (YES), then
the run algorithm state 1s repeated as shown 1n step 748, and
if less than half of the size of the FIFO buifer 600 (of FIGS.
6 A and 6B) (NO), then the reset state 1s repeated from the start
as shown 1n step 750.

FI1G. 8 illustrates the mobile terminal 404 of FI1G. 4 having
an antenna 801, a digital broadcast receiver 802, an input 804,
a memory 806 having a computer set of instructions, a display
808, a speaker 810, a bus 812, and a processor 814 capable of
processing a set of istructions to perform any one or more of
the methodologies herein, according to an embodiment
herein. Mobile terminal 404 may include digital broadcast
receiver 802, which may include antenna 801.

Radio signals transmitted by broadcast network 400 are
received via antenna 801 and passed to digital broadcast
receiver 802. Digital broadcast receiver 802 may decode con-
sumable digital content from the recerved signals. Digital
content may additionally or alternatively be decoded by pro-
cessor 814. Processor 814 may also enable digital content to
be consumed 1n the form of video for output via one or more
displays 808 or audio for output via speaker and/or earphones
810. Processor 814 may also carry out the methods described
herein and 1n accordance with the embodiments herein. Digi-
tal content may also be stored in memory 806 for future
processing or consumption. Memory 806 may also store pro-
gram specific information and/or service information (PSI/
SI), including information about digital content available 1n
the future or stored from the past.

A user of mobile terminal 404 may view this stored service
information on display 808 and select an 1item of digital con-
tent for viewing, listening, or other uses via input 804, which
may take the form of a keyboard, keypad, scroll wheel, or
other mput device(s) or combinations thereol. When digital
content 1s selected, processor 814 may pass iformation to
receiver 802, so that the receiver may act appropriately (e.g.,
tune a radio or filter signals based on PSI/SI 1n order to yield
specific digital content for the user). Service information may
be encoded within the same digital bursts which deliver other
forms of digital content to mobile terminal 404. Digital con-
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tent and PSI/SI may be passed among functions within
mobile terminal 404 using bus 812.

FIGS. 9A and 9B illustrate the probability of error and the
probability of a false alarm versus the BER, respectively,
comparing a conventional PID filter and a PID filter accord-

ing to an embodiment herein, when the difference between
the needed PID and the other PIDs 1s one bit, and the matching
tolerance=0. In FIGS. 9A through 12B, the equally sized
dotted line corresponds to the cenventlenal PID filter, and the
dot and dashed line corresponds to the PID filter according to
the embodiments herein. Referring to FIG. 9A, the probabil-
ity of error at a low BER {for the PID f{ilter according to the
embodiments herein 1s lower than that of the conventional
PID filter, with the difference 1n probability of error between
the two belng maximum at aB. JR of approximately 107>, As
the BER varies from 107 to 107", the difference in probabil-
ity of error reduces, with the difference being zero ata BER of
107". Since in the conventional filter the decision is made only
based on the difference between the needed PID and the other
PIDs, which 1s greater than the matching tolerance in this
case, the probability of error 1s higher. As shown in FIG. 9B,
the probability of a false alarm for both filters 1s approxi-
mately the same throughout the range shown.

FIGS. 10A and 10B illustrate the probabaility of error and
the probability of a false alarm versus the BER, respectively,
comparing a conventional PID filter and a PID filter accord-
ing to the embodiments herein, when the difference between
the needed PID and the other PIDs 1s two bits, and the match-
ing tolerance=1. Referring to FIG. 10A, the probability of
error at a low BER for the PID filter according to the embodi-
ments herein 1s lower than that of the conventional PID filter,
with the difference 1n the probability of error between the two
bemg maximum at a BER of appremmately 10~*. As the BER
varies from 107~ to 107", the difference in probability of error
reduces until 1t beeomes ZEr0.

For a higher BER, the probability of error 1s less for the
conventional PID filter to a small extent. However, as shown
in FIG. 10B, the probability of a false alarm of the conven-
tional PID filter 1s higher throughout the range, with the
difference 1n the probability of a false alarm being nearly
three orders of magnitude at a BER of 107, and more than
one order of magnitude when the BER is 10", Thus, in this
case, the PID filter described herein reduces the probability of
false alarm to a large extent throughout the range and displays
a probability of error lower than the conventional PID filter
for most of the range.

FIGS. 11A and 11B illustrate the probabaility of error and
the probability of a false alarm versus the BER, respectively,
comparing a conventional PID filter and a PID filter accord-
ing to the embodiments herein, when the difference between
the needed PID and the other PIDs 1s three bits, and the
matching tolerance=2. Referring to FIG. 11A, the proba v1lity
of error at low BER for the PID filter according to the embodi-
ments herein 1s lower than that of the conventional PID {
with the difference 1n the probability of error between the two
being maximum at a BER of approximately 107%. As the BER
varies from 107> to 107", the difference in the probability of
error reduces until 1t becomes zero.

For a higher BER, the probability of error 1s less for the
conventional PID filter to a small extent. However, as shown
in FIG. 11B, the probability of a false alarm of the conven-
tional PID filter 1s higher throughout the range, with the
difference in the probability of the false alarm being nearly
two orders of magnitude ata BER of 107, and approximately
one order of magnitude when the BER is 10~". Thus, in this
case, the PID filter provided by the embodiments herein
reduces the probability of a false alarm to a large extent
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throughout the range (e.g., but not as much as in the case of
FIG. 10B) and displays a probability of error lower than the
conventional PID filter for most of the range.

FIGS. 12A and 12B illustrate the probability of error and
the probability of a false alarm versus the BER, respectively,
comparing a conventional PID filter and a PID filter accord-
ing to the embodiments herein, when the difference between
the needed PID and the other PIDs 1s four bits, and the
matching tolerance=3. Referring to FIG. 12 A, the probability
of error at a low BER {for the PID filter according to the
embodiments herein 1s higher than that of the conventional
PID filter, with the difference in the probability of error
between the two being minimum at a BER of approximately
1072, As the BER varies from 107~ to 107, the difference in
the probability of error increases slightly with the difference
being a maximum at a BER of 10~'. However, as shown in
FIG. 12B, the probability of a false alarm of the conventional
PID filter 1s higher throughout the range, with the difference
in the probability of false alarm being nearly two orders of
magnitude for most of the range.

In this case, the PID filter provided by the embodiments
herein reduces the probability of a false alarm to a large extent
throughout the range and displays a probability of error
slightly higher than the conventional PID filter throughout the
range. Thus, the overall accuracy of the MPE-FEC table
(considering the probability of error as well as the probability
of a false alarm) 1n the case of the PID filter provided by the
embodiments herein 1s improved as compared to the conven-
tional PID filters, with the best results being obtained when
the difference between the needed PID and the other PIDs 1s
two bits, and the matching tolerance=1, as shown in FIGS.
10A and 10B, particularly at a BER of approximately 107>

The techniques provided by the embodiments herein may
be implemented on an integrated circuit chip (not shown) and
may be used 1n digital video broadcast systems for handheld
devices, and implemented 1n the baseband chip sets. The chip
design 1s created in a graphical computer programming lan-
guage, and stored in a computer storage medium (such as a
disk, tape, physical hard drive, or virtual hard drive such as 1n
a storage access network). It the designer does not fabricate
chips or the photolithographic masks used to fabricate chips,
the designer transmits the resulting design by physical means
(e.g., by providing a copy of the storage medium storing the
design) or electronically (e.g., through the Internet) to such
entities, directly or indirectly. The stored design 1s then con-
verted 1nto the appropriate format (e.g., GDSII) for the fab-
rication of photolithographic masks, which typically include
multiple copies of the chip design 1n question that are to be
tformed on a water. The photolithographic masks are utilized
to define areas of the water (and/or the layers thereon) to be
etched or otherwise processed.

The resulting integrated circuit chips can be distributed by
the fabricator 1n raw water form (that 1s, as a single water that
has multiple unpackaged chips), as a bare die, or 1n a pack-
aged form. In the latter case the chip 1s mounted in a single
chip package (such as a plastic carrier, with leads that are
ailixed to a motherboard or other higher level carrier) or in a
multichip package (such as a ceramic carrier that has either or
both surface interconnections or buried interconnections). In
any case the chip 1s then integrated with other chips, discrete
circuit elements, and/or other signal processing devices as
part of either (a) an mntermediate product, such as a mother-
board, or (b) an end product. The end product can be any
product that includes integrated circuit chips, ranging from
toys and other low-end applications to advanced computer
products having a display, a keyboard or other input device,
and a central processor.
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The embodiments herein include both hardware and soft-
ware e¢lements. Preferably, the software embodiments
include, but are not limited to, firmware, resident software,
microcode, etc. Furthermore, the embodiments herein can
take the form of a computer program product accessible from
a computer-usable or computer-readable medium providing
program code for use by or 1n connection with a computer or
any instruction execution system. For the purposes of this
description, a computer-usable or computer readable medium
can be any apparatus that can comprise, store, communicate,
propagate, or transport the program for use by or 1n connec-
tion with the instruction execution system, apparatus, or
device.

The medium can be an electronic, magnetic, optical, elec-
tromagnetic, infrared, or semiconductor system (or apparatus
or device) or a propagation medium. Examples of a computer-
readable medium include a semiconductor or solid state
memory, magnetic tape, a removable computer diskette, a
random access memory (RAM), aread-only memory (ROM),
a rigid magnetic disk and an optical disk. Current examples of
optical disks include compact disk-read only memory (CD-
ROM), compact disk-read/write (CD-R/W) and DVD.

A data processing system suitable for storing and/or
executing program code will include at least one processor
coupled directly or indirectly to memory elements through a
system bus. The memory elements can include local memory
employed during actual execution of the program code, bulk
storage, and cache memories which provide temporary stor-
age ol at least some program code in order to reduce the
number of times code must be retrieved from bulk storage
during execution.

Input/output (I/O) devices (including but not limited to
keyboards, displays, pointing devices, etc.) can be coupled to
the system either directly or through intervening 1I/O control-
lers. Network adapters may also be coupled to the system to
enable the data processing system to become coupled to other
data processing systems or remote printers or storage devices
through intervening private or public networks. Modems,
cable modem and Ethernet cards are just a few of the currently
available types of network adapters.

A representative hardware environment for practicing the
embodiments herein 1s depicted i FIG. 13. This schematic
drawing 1llustrates a hardware configuration of an informa-
tion handling/computer system 1n accordance with the
embodiments herein. The system comprises at least one pro-
cessor or central processing unit (CPU) 10. The CPUs 10 are
interconnected via system bus 12 to various devices such as a
random access memory (RAM) 14, read-only memory
(ROM) 16, and an mput/output (I/O) adapter 18. The I/O
adapter 18 can connect to peripheral devices, such as disk
units 11 and tape drives 13, or other program storage devices
that are readable by the system. The system can read the
inventive instructions on the program storage devices and
follow these 1instructions to execute the methodology of the
embodiments herein. The system further includes a user inter-
face adapter 19 that connects a keyboard 15, mouse 17,
speaker 24, microphone 22, and/or other user interface
devices such as a touch screen device (not shown) to the bus
12 to gather user mput. Additionally, a communication
adapter 20 connects the bus 12 to a data processing network
25, and a display adapter 21 connects the bus 12 to a display
device 23 which may be embodied as an output device such as
a monitor, printer, or transmitter, for example.

The embodiments herein take the decision on PID filtering
based on the current packet as well the next M packets using
a FIFO butter 600 of size M. Further, a continuity counter
(e.g., 4 bit field that 1s incremented by one every packet) 1s
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used 1n conjunction with the PID field to perform the decision
on whether or not a packet 1s matched. PID filter 1s the most
important step because losing any packet or taking an extra
packet may cause shifting to the data in the MPE-FEC table
which cause total failure 1n the MPE-FEC RS decoder. The
embodiments herein decrease the probability of errors as well
as the probability of false alarm. Moreover, the method of PID
filtering provided by the embodiments herein 1s particularly
advantageous to accurately construct the MPE-FEC table in a
Digital Video Broadcasting transport stream.

The foregoing description of the specific embodiments will
so fully reveal the general nature of the embodiments herein
that others can, by applying current knowledge, readily
modily and/or adapt for various applications such specific
embodiments without departing from the generic concept,
and, therefore, such adaptations and modifications should and
are intended to be comprehended within the meaning and
range of equivalents of the disclosed embodiments. It 1s to be
understood that the phraseology or terminology employed
herein 1s for the purpose of description and not of limitation.
Theretore, while the embodiments herein have been
described in terms of preferred embodiments, those skilled 1n
the art will recognize that the embodiments herein can be
practiced with modification within the spirit and scope of the
appended claims.

For example, the various methods, processes, operations,
techniques, algorithms, etc. described herein may be enabled
and operated using hardware circuitry (e.g., CMOS based
logic circuitry, ASIC, FPGA), hardware/software partition-
ing, firmware, software and/or any combination of hardware,
firmware, and/or software embodied 1n a machine readable
medium and/or a machine accessible medium compatible
with a data processing system (e.g., a computer system, a
processor in a mobile terminal), and may be performed in any
order. Accordingly, the specification and drawings are to be
regarded in an 1llustrative rather than a restrictive sense.

What 1s claimed 1s:

1. A method of performing packet identifier (PID) filtering
of a digital video broadcasting-handheld (DVB-H) transport
stream, said method comprising steps of:

processing a PID and a continuity counter (CC) sequence

of said DVB-H transport stream, wherein said DVB-H
transport stream comprises a M number of data packets;
buffering a first-in-first-out (FIFO) queue of said DVB-H
transport stream with said PID and said CC sequence;
computing a number of mismatched bits between said PID
and a desired PID;
providing a single FIFO buftfer;
proceeding to a start of a reset state on said FIFO queue of
said DVB-H transport stream when said FIFO buiffer
becomes full;
determining if a number of mismatched bits of a first packet
in said FIFO buttfer 1s less than a first threshold value;

determining whether there 1s a valid CC sequence that
includes said first packet, only 1f said number of mis-
matched baits 1s less than said first threshold value;

proceeding to a start of a run algorithm state only 1t said
number ol mismatched bits of said first packet in said
FIFO bufler 1s less than said first threshold value and 1t
there 1s a valid CC sequence that includes said first
packet;

marking said first packet as matched;

updating a LAST CC value with a CC value of said first

packet if there 1s a valid CC sequence; and

performing the processing through the updating steps on a

mobile digital broadcast recerver,
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wherein a size of said FIFO bufler 1s equal to said M
number of data packets.

2. The method of claim 1, further comprising:

marking said first packet as mismatched;

updating said FIFO buifer; and

returning to said start of said reset state 1f said number of
mismatched bits of said first packet in said FIFO buffer
1s not less than said first threshold value.

3. The method of claim 1, further comprising:

determining whether said packet 1s matched based only on

said PID by comparing said number of mismatched bits
in said FIFO butfer with a second threshold value;

updating said FIFO butfer; and
returning to said start of said reset state 11 there 1s no valid
CC sequence.

4. A method of performing packet identifier (PID) filtering,
of a digital video broadcasting-handheld (DVB-H) transport
stream, said method comprising steps of:

processing a PID and a continuity counter (CC) sequence

of said DVB-H transport stream;

providing a single first-in-first-out (FIFO) builer;

buifering a FIFO queue of said DVB-H transport stream

with said PID and CC sequence until said FIFO butfer 1s
tull;

computing a number of mismatched bits between said PID

and a desired PID:;

proceeding to a start of a reset state when said FIFO butfer

becomes full;
determiming 1f a number of mismatched bits of a first packet
in said FIFO butfer is less than a first threshold value;

determining 11 there 1s a valid CC sequence, 11 said number
of mismatched bits of said first packet in said FIFO
buftfer 1s less than said first threshold value;

marking said first packet as matched;

updating a LAST_CC value with a CC value of said first

packet;

updating said FIFO builer if there 1s a valid CC sequence;

proceeding to a start of a run algorithm state only 1f said

number of mismatched bits of said first packet in said
FIFO buller 1s less than said first threshold value and 1f
there 1s a valid CC sequence;

determiming if a first packet 1n said FIFO buller has a

number of mismatched bits greater than said first thresh-
old value;

computing a difference between a CC value of said first

packet and said LAST_CC value 11 said first packet in
said FIFO bulfer has a number of mismatched bits not
greater than said first threshold value; and

performing the processing through the computing steps on

a mobile phone.
5. The method of claim 4, wherein said method further
COmprises:
determining 11 the first three packets 1n said FIFO butfer
have a valid CC sequence 11 said first packet in said FIFO
butfer has a number of mismatched bits greater than said
first threshold value;
marking a first packet 1n said FIFO bulfer as matched or
mismatched based on whether said first three packets 1n
said FIFO builer have a valid CC sequence; and

updating said FIFO butfer and returning to said start of said
run algorithm state.

6. The method of claim 4, wherein said method further
COmprises:

marking said first packet as matched; and

incrementing said LAST_CC wvalue, if said difference

between said CC value of said first packet and said

LAST_CC value 1s equal to 1.
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7. The method of claim 4, wherein said method further
comprises determining whether there 1s a sequence of packets
having a valid CC sequence 11 said difference between said
CC value of said first packet and said LAST_CC value 1s not
equal to 1.

8. The method of claim 7, wherein said method further
COmprises:

obtaining a position of a first packet 1n said first sequence of

packets having a valid CC sequence; and

computing a difference between a CC value of said first

packet in said first sequence of packets having a valid CC
sequence and a LAST_CC value if there 1s a sequence of
packets having a valid CC sequence.

9. The method of claim 7, wherein said method further
comprises determining whether said packet 1s matched based
only on said PID by comparing said number of mismatched
bits 1n said FIFO buller with a second threshold value and
updating said FIFO butfer 1t there 1s no valid CC sequence.

10. The method of claim 8, wherein said method further
comprises determining whether a packet 1n said FIFO butfer
1s matched based on said position of a first packet in said first
sequence of packets having a valid CC sequence and said
difference between said CC value of said first packet 1n said
first sequence of packets having a valid CC sequence and said
LAST CC value.

11. The method of claim 9, wherein said method further
COmMprises:

determining whether a number of packets having a number

of mismatched bits less than said first threshold value 1s

.

greater than half of a size of said FIFO buftfer;

returning to said run algorithm state if said number of
packets having said number of mismatched bits less than
said first threshold value 1s greater than half of said size
of said FIFO butffer; and

returning to said reset state if said number of packets hav-
ing said number of mismatched bits less than said first
threshold value 1s not greater than half of said size of said
FIFO butfer.

12. A method comprising steps of:

receiving a video transport stream, wherein said transport
stream comprises a M number of data packets;

storing the received video transport stream;

performing packet identifier (PID) filtering of said trans-
port stream;

buffering said transport stream 1n a single first-in-first-out
(FIFO) butfer;

processing a PID and a continuity counter (CC) sequence
of said transport stream;

buffering a FIFO queue of said transport stream with said
PID and said CC sequence until said FIFO butfer 1s full;

computing a number of mismatched bits between said PID
and a desired PID:;

proceeding to a start of a reset state when said FIFO butfer
becomes full;

determining 11 a number of mismatched bits of a first packet
in said FIFO buttfer 1s less than a first threshold value;

determining if there 1s a valid CC sequence, 11 said number
of mismatched bits of said first packet 1n said FIFO
bufter 1s less than said first threshold value;

marking said first packet as matched;
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updating a LAST_CC value with a CC value of said first
packet;

updating said FIFO builer if there 1s a valid CC sequence;

proceeding to a start of a run algorithm state only 1f said
number of mismatched bits of said first packet in said
FIFO butler 1s less than said first threshold value and 1t

there 1s a valid CC sequence;

.

determining 1f a first packet 1 said FIFO buller has a
number of mismatched bits greater than said first thresh-

old value;

computing a difference between a CC value of said first
packet and said LAST_CC value 11 said first packet in
said FIFO buffer has a number of mismatched bits not
greater than said first threshold value; and

performing the recerving through the computing steps on a
digital broadcast television receiver,

wherein a size of said FIFO buffer 1s equal to said M
number of data packets.

13. The method of claim 12, further comprising;:

determining 1f the first three packets 1n said FIFO butfer
have a valid CC sequence i1 said first packet 1n said FIFO
butfer has a number of mismatched bits greater than said
first threshold value;

marking a first packet 1n said FIFO bufler as matched or
mismatched based on whether said first three packets in
said FIFO buitler have a valid CC sequence; and

updating said FIFO butifer and returning to said start of said
run algorithm state.

14. The method of claim 12, further comprising:
marking said first packet as matched; and

incrementing said LAST_CC wvalue, if said difference
between said CC value of said first packet and said

LAST_CC value 1s equal to 1.

15. The method of claim 12, further comprising determin-
ing whether there 1s a sequence of packets having a valid CC
sequence 11 said difference between said CC value of said first
packet and said LAST_CC value 1s not equal to 1.

16. The method of claim 15, further comprising:

obtaining a position of a first packet in said first sequence of
packets having a valid CC sequence; and

computing a difference between a CC value of said first
packet in said first sequence of packets having a valid CC
sequence and a LAST_CC value if there 1s a sequence of
packets having a valid CC sequence.

17. The method of claim 135, further comprising determin-
ing whether said packet 1s matched based only on said PID by
comparing said number of mismatched bits in said FIFO
butiler with a second threshold value and updating said FIFO
butlfer 11 there 1s no valid CC sequence.

18. The method of claim 16, further comprising determin-
ing whether a packet in said FIFO butfer 1s matched based on

said position of a first packet 1n said first sequence of packets
having a valid CC sequence and said difference between said

CC value of said first packet 1n said first sequence of packets
having a valid CC sequence and said LAST_CC value.
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